Modulation of flecainide's cardiac sodium channel blocking actions by extracellular sodium: a possible cellular mechanism for the action of sodium salts in flecainide cardiotoxicity.
Sodium salts reverse the clinical cardiotoxicity of class 1c antiarrhythmic agents, but the underlying mechanisms are unknown. We studied the modulation of flecainide's action by changes in extracellular sodium concentration ([Na+]e) produced by isotonic substitution of choline for sodium. Increasing [Na+]e by 25 mM attenuated the depressant effects of 3.2 microM flecainide of Vmax in canine cardiac Purkinje fibers, whereas decreasing [Na+]e enhanced drug action. The voltage dependence of Vmax was shifted by flecainide (activation potential for 50% decrease in Vmax, V50: -77.4 +/- 3.5 mV at 3.2 microM flecainide) compared to control (V50: -73.7 +/- 2.8 mV, mean +/- S.D., P < .05). Increasing [Na+]e in the presence of flecainide returned V50 toward control (-75.8 +/- 3.1 mV, P < .05 vs. flecainide at normal [Na+]e). Increased [Na+]e shifted the flecainide concentration-response curve to the right (EC50 19.0 microM) compared to normal (EC50 14.6 microM) and low (EC50 10.8 microM) [Na+]e. [Na+]e modulated the concentration-dependent displacement by flecainide of [3H]batrachotoxin-A-benzoate, with increased [Na+]e shifting the binding curve to the right and decreased [Na+]e shifting it to the left compared to normal [Na+]e. There was a strong linear correlation (r = 0.99) between flecainide's EC50 for Vmax depression and its IC50 for [3H]batrachotoxin-A-benzoate displacement at various [Na+]e. We conclude that [Na+]e modulates flecainide's interaction with the sodium channel. Sodium's ability to displace blocking drug from the sodium channel may underlie the efficacy of sodium salts in treating flecainide toxicity, and could play a similar role in antagonizing cardiotoxicity of other class 1 compounds.